1. Microsomal preparations from rat liver, kidney and intestine were tested for UDPglucuronyltransferase activity by using oestrone, oestradiol-17f8, oestriol, testosterone, cortisol, cortisone, corticosterone, aldosterone, tetrahydrocortisol and tetrahydrocortisone as substrates. The microsomal preparation from the liver glucuronidated oestrone, oestradiol-17fl and testosterone. 2. The specific activity of the enzyme was significantly higher in livers from female rats than in those from male rats. 3. Testosterone was actively glucuronidated by both sexes. Cortisol, cortisone, corticosterone, aldosterone, tetrahydrocortisol and tetrahydrocortisone were not glucuronidated by any of the three tissues. 4. The non-ionic detergent Lubrol WX activates liver microsomal UDP-glucuronyltransferase 2-3-fold with oestrone and testosterone as substrates. 5. Oestrone glucuronyltransferase was inhibited by oestradiol-17f, predominantly competitively and by testosterone non-competitively. Bilirubin was a non-competitive inhibitor of oestrone glucuronidation. p-Nitrophenol had no effect. 6. Oestrone glucuronyltransferase could not be stimulated by either acute or prolonged treatment of animals with phenobarbital, whereas a single dose of 3-methylcholanthrene led to a moderate stimulation. 7. Ovariectomy leads to a 56% decrease in oestrone glucuronyltransferase activity; administration of oestradiol-17f, induces the enzyme to normal activity after 12 days, and after 15 days the activity is twice the control value.
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1. Microsomal preparations from rat liver, kidney and intestine were tested for UDPglucuronyltransferase activity by using oestrone, oestradiol-17f8, oestriol, testosterone, cortisol, cortisone, corticosterone, aldosterone, tetrahydrocortisol and tetrahydrocortisone as substrates. The microsomal preparation from the liver glucuronidated oestrone, oestradiol-17fl and testosterone. 2. The specific activity of the enzyme was significantly higher in livers from female rats than in those from male rats. 3. Testosterone was actively glucuronidated by both sexes. Cortisol, cortisone, corticosterone, aldosterone, tetrahydrocortisol and tetrahydrocortisone were not glucuronidated by any of the three tissues. 4. The non-ionic detergent Lubrol WX activates liver microsomal UDP-glucuronyltransferase 2-3-fold with oestrone and testosterone as substrates. 5. Oestrone glucuronyltransferase was inhibited by oestradiol-17f, predominantly competitively and by testosterone non-competitively. Bilirubin was a non-competitive inhibitor of oestrone glucuronidation. p-Nitrophenol had no effect. 6. Oestrone glucuronyltransferase could not be stimulated by either acute or prolonged treatment of animals with phenobarbital, whereas a single dose of 3-methylcholanthrene led to a moderate stimulation. 7. Ovariectomy leads to a 56% decrease in oestrone glucuronyltransferase activity; administration of oestradiol-17f, induces the enzyme to normal activity after 12 days, and after 15 days the activity is twice the control value.
Actinomycin D and cycloheximide block the oestradiol-17fi-induced increase in enzyme activity. 8. Castration has no effect on the activity of testosterone glucuronyltransferase, nor does administration of testosterone influence enzyme activity. The results provide strong evidence for the existence of multiple steroid glucuronyltransferases in the liver of the rat.
Oestrogen glucuronyltransferase (UDP-glucuronate-17f,-oestradiol 3-glucuronyltransferase, EC 2.4.1.59) catalyses the transfer of glucuronic acid from UDP-glucuronate to oestrone. In studies in vitro, foreign compounds such as p-nitrophenol, o-aminophenol and phenolphthalein have often been used as substrates for glucuronyltransferases to measure enzyme activity (Dutton, 1971; Winsnes, 1973) . Endogenous substrates include bilirubin (Mulder, 1972) and steroid hormones such as oestrone, oestradiol-17.8, oestriol, testosterone (Rao & Breuer, 1969; Rao et al., 1970a Rao et al., ,b, 1972 Rao et al., , 1974 Gotze et al., 1971) and tetrahydrocorticosterone (Miller et al., 1973) . With so many different acceptors, it may be asked what degree of specificity UDPglucuronyltransferase possesses. Our own previous work with steroid substrates, and other evidence Vol. 162 (see Dutton, 1971; Jacobson et al., 1975) , suggests multiplicity of the enzyme. As UDP-glucuronyltransferases are inducible (see Conney, 1967) , the effects of administration of phenobarbital and 3-methylcholanthrene, two commonly used enzyme-inducing agents, on steroid glucuronyltransferases were investigated. Moreover, the possibility exists that therapy with steroid hormones or the use of both oestrogens and progestrogens for preventing pregnancy could result in increased transferase activity toward these hormones. Hence induction of enzyme activity by its substrate should give some information about the factors controlling the concentration of endogenous steroid hormones and their effect on enzyme activity. Therefore we decided to study the effect of ovariectomy and castration, followed by adminis-tration of oestradiol-17,B and testosterone, on UDPglucuronyltransferases by using endogenous substrates such as oestrone and testosterone. In addition the information obtained from these studies would also provide evidence to support the concept of multiplicity of steroid glucuronyltransferases.
Experimental

Materials
Radioactive steroids used in this investigation were purchased from The Radiochemical Centre, Amersham, Bucks., U.K., or New England Nuclear Chemicals G.m.b.H., Dreieichenhain, Germany. Non-labelled steroids were from Merck, Darmstadt, Germany, and UDP-glucuronic acid was from Boehringer, Mannheim, Germany. 3-Methylcholanthrene, phenobarbital sodium, actinomycin D and cycloheximide were purchased from either Merck, Darmstadt or Serva, Heidelberg, Germany. Lubrol WX was generously given by ICI, Wilmslow, Cheshire, U.K. Other chemicals and solvents were obtained through local dealers.
Animals
Wistar rats weighing between 150 to 200g were kept in a room at 23°C with equal periods of daylight and darkness. The animals had free access to food and water; not more than three animals were kept in a single cage. All animals were starved for 24h before being killed.
Preparation of microsomal fractions from the small intestine, liver and kidney of the rat The animals were killed by cervical dislocation; the small intestine, liver and both kidneys were quickly removed and transferred to ice-cold 0.25M-sucrose in 0.1 M-Tris/HCl buffer, pH 7.4. All procedures after this operation were carried out at 2-40C. The small intestine was cleaned by forcing the buffered sucrose through the lumen with a suitable syringe. Extraneous tissue was trimmed from the liver and kidneys, which were then blotted and weighed. The tissues were cut into small pieces with scissors and homogenized separately in the buffered sucrose with an Ultra-Turrax instrument (Janke und Kunkel, Staufen, Germany) at half-maximal speed, intermittently, for a total of 1-2min. The homogenates were centrifuged in a cooled centrifuge (4°C) at 600g for 10min (8 x 90ml rotor, 2800rev./min). The supernatants were decanted into fresh tubes and centrifuged at 25000g for 10min. The microsomal fractions were sedimented by centrifuging the 25000g supernatants in a Beckman L2-65B ultracentrifuge at 169000g for 30min (8x38.5ml, rotor 60 Ti, 49000rev./min). The supernatants were discarded and the sediments were resuspended in the buffered sucrose by gentle homogenization in an all-glass homogenizer andresedimented at 169000g for 30min. The sediment was resuspended as described in the previous step in buffered sucrose and kept at 2-40C for immediate use. Protein was determined by the method of Lowry et al. (1951) with bovine serum albumin (Behringwerke, Marburg, Germany) as standard.
Screening of the microsomal fractions from the small intestine, liver and kidney for transferase activity with oestrogens and androgen as substrates Incubation with oestrogens and testosterone. The enzyme activity of the microsomal fractions was tested by incubating different radioactive steroids and UDP-glucuronic acid. Ethanolic solutions of the steroids were pipetted into tubes, one drop of propylene glycol was added and the ethanol evaporated with a gentle stream of N2; 1 ml of 0.1 M-Tris/HCI buffer, pH7.4, 4mM-MgCl2 and 2mM-UDP-glucuronic acid were added to each tube. The incubation was started by pipetting the microsomal suspension equivalent to 100-2004ug of protein and shaking the tubes in a water bath at 37°C for 60min under air.
Extraction and chromatography ofthe glucuronides. After incubation the tubes were cooled in ice/water; solid NaCI was added, ensuring that a slight amount remained undissolved. The contents were extracted twice with 2ml of water-saturated butan-1-ol. The extracts were combined and evaporated under vacuum to dryness with a Rotavapor apparatus (Buchler Instruments, Flawil, Switzerland) in a water bath at 40°C. The residue was shaken with 3 ml of dry butan-1-ol for 30-60min and briefly centrifuged (approx. l1OOOg for 2min) -to sediment insoluble material. The butan-1-ol was carefully removed by disposable pipettes and transferred to tubes and evaporated to dryness. The residue was dissolved in a few drops of an elution mixture of butan-1-ol/ methanol/water (1:2:1, by vol.), applied to paper and chromatographed in the solvent system ethyl acetate/toluene/n-hexane/2-methylpropan-2-ol/acetic acid/water (12:15:8:5:12:28, by vol.; Schneider & Lewbart, 1959) after equilibration overnight. The chromatogram was taken out when the solvent front had reached the end of the paper, dried for 30min in an oven at 60°C and scanned in a Packard paper-chromatogram scanner. This first chromatography step separated the glucuronides, which remain on the origin, from the unchanged steroids which move almost with the solvent front. The peaks of radioactivity on the origin were eluted from the paper with the elution mixture; the eluates were evaporated under vacuum to dryness and the residues rechromatographed in the same solvent system for different length of time to give adequate separation. The was achieved by g.l.c. and mass spectrometry of the purified products with authentic standards. Incubation of glucocorticoids. The transferase activity of the microsomal fractions from the three tissues (liver, kidney and intestine) with cortisol, cortisone, corticosterone and aldosterone as substrates was tested by incubating 5-10,uCi of 1,2-3H-labelled steroid, 10nmol of the non-labelled steroid and 1.5nmm-UDP-glucuronic acid in 0.1 MTris/HC1 buffer, pH7.4, at 370C for 60min. The incubations were worked up as described for oestrogens and testosterone. The solvent system for paper chromatography of the products was butan-l-ol/ ethyl acetate/water (4:1:5, by vol.).
Operation on animals
Bilateral ovariectomy or castration was performed by the same person on one day; sexually mature animals were used. The operation was carried out under light diethyl ether anaesthesia under adequately sterile conditions. The animals were used for experiments 17-19 days after operation.
Assay of UDP-glucuronyltransferase activities
A rapid and economic assay to measure oestrone and testosterone glucuronyltransferase activities of microsomal preparations of the liver has been reported (Rao et al., 1976 for the assay of oestrone and testosterone glucuronyltransferases respectively. The extraction by dichloromethane enables quantitative recovery of the unchanged steroid substrate, which can be re-used after purification by paper or column chromatography; the aqueous phase is a source of steroid glucuronide.
Treatment ofmicrosomalpreparations with detergents
The effects of sodium deoxycholate, Triton X-100, sodium dodecyl sulphate and Lubrol WX on microsomal oestrone and testosterone glucuronyltransferase were investigated by exposing the microsomal preparation to different concentrations (0.01, 0.05, 0.1, 0.5, 1.0, 5.0 and 10mg of detergent/mg of microsomal protein) of the detergents for 30min at 2-40C, followed by incubation with the substrates as described under 'Assay of UDP-glucuronyltransferase activities'. Microsomal preparation not treated with detergent served as controls.
Treatment of rats with phenobarbital, 3-methylcholanthrene, oestradiol-17fi, testosterone, actinomycin D and cycloheximide for induction studies
In short-term studies, the animals were killed after a single intravenous injection of 50 or 100mg of phenobarbital per kg body wt. at different times up to 24h after drug administration. In long-term studies the animals were killed on different days up to 10 days after daily intraperitoneal injections of 100mg of phenobarbital per kg body wt. The control group of animals received the same volume of vehicle (sterilized 0.9 % NaCI) that was used to dissolve the drug. -Experiments studying the effect of 3-methylcholanthrene on the induction of steroid glucuronyltransferases were conducted for up to 9 days (long-term studies). The dose of the carcinogen used was 40mg/kg body wt. and was administered as a single injection; the animals were killed every consecutive day. Animals that served as controls received the corresponding amount of olive oil, the vehicle for 3-methylcholanthrene. Actinomycin D and cycloheximide were dissolved in sterile 0.9% NaCl; the doses were 100lug/kg body wt. and 0.5mg/kg body wt. respectively. Both drugs were administered intraperitoneally twice a day, half of the dose each time. The doses chosen for oestradiol-17,B and testosterone were empirical and were 200,g and 10mg/kg body wt. respectively. The steroids were dissolved in olive oil and injected intramuscularly once a day in the morning. The ovariectomized rats received oestradiol-171 and the castrated rats testosterone. Ovariectomized or castrated animals injected with olive oil alone were used as controls. The livers of three animals were pooled and steroid glucuronyltransferase activities were tested in the microsomal preparation after treatment with Lubrol WX for 30min. All results are means±1 S.D. with number of animals per determination in parentheses. The data were analysed by Student's t test; a P value less than 0.05 was considered to be statistically significant.
Results and Discussion
Separation and quantification of the glucuronides of oestrone, oestradiol-1713, oestriol and testosterone formed during incubation with microsomal preparations from liver, kidney and intestine
The procedure of chromatography of steroid glucuronides described in the Experimental section achieves adequate separation from the incubated steroids and their glucuronides and is suitable as a purification method for the purpose of identification.
The rates of glucuronide formation with oestrone, oestradiol-17,B, oestriol and testosterone are shown in Table 1 . Control incubations from which UDPglucuronic acid was omitted were simultaneously carried out with each steroid as substrate. The results of the screening study suggest the existence of at least two different enzyme activities in the microsomal fraction of the liver of male and female rats; one, the C-3 glucuronyltransferase, conjugating the C-3 hydroxyl group of oestrone and oestradiol-17,B, and the other, the C-17 glucuronyltransferase, conjugating the C-17 hydroxyl group of oestradiol-171 and testosterone.
The microsomal fraction from the liver possesses higher glucuronyltransferase activity than that from kidney and intestine. Oestrone and oestradiol-17f8 are glucuronidated to a larger extent than is oestriol by either liver or intestine. The site of conjugation of glucuronic acid to the oestrogens is predominantly at C-3. A marked difference in glucuronidating activity is discernible between the male and female rat, in that the microsomal preparation from the liver of female rats is more active (1973) reported that microsomal preparations from liver of male rat, when treated with Triton X-100, conjugated tetrahydrocortisone. It is possible that the detergent may have exposed enzyme sites for glucuronidation of the ring-A-reduced glucocorticoids. Whether rat liver does indeed form glucuronides of tetrahydro compounds must await isolation and identification ofthe products of the transferase reaction.
Effects of detergents on microsomal glucuronyltransferase Detergents are known to enhance the enzyme activities of microsomal preparations (Winsnes, 1973) . The activity of microsomal UDP-glucuronyltransferase with several endogenous and nonendogenous compounds as substrates can also be stimulated by detergents (Lueders & Kuff, 1967; Winsnes, 1969; Bock et al., 1973; Jacobson et al., 1975; Lucier et al., 1975) . Since differences in activation with different detergents exist, it was essential to know with which detergent and at which concentration maximum activation of enzyme activity could be obtained. From Effect of duration of incubation, amount of microsomal protein and pH on oestrone glucuronyltransferase activity. The rate of formation of oestrone glucuronide by microsomal preparations treated with Lubrol WX is zero-order with respect to time up to 60min, which indicates that the enzyme reaction is not dependent on the concentration of either oestrone or UDP-glucuronic acid used in this experiment. The activity of the enzyme is linear up to 160ug of microsomal protein. Maximum activity of the untreated microsomal preparation is attained between pH8.4 and 9.6 in 0.1 M-Tris/HCl buffer. When the preparation is treated with 0.1mg of Lubrol WX/mg of microsomal protein for 30min at 2-40C and then incubated, the rates of glucuronide formation increase, and at pH 8.4-8.8 enzyme activity is maximally stimulated (2.3-fold over the activity of the untreated preparation). Thus treatment with Lubrol WX does not significantly affect the optimum pH range of the transferase activity.
Effect (Segel, 1975) , a series of incubations was carried out, in which one substrate was varied and different fixed concentrations of the second substrate were used. The data were plotted by the method of Lineweaver & Burk (1934 aKUDp-slucuronic acid obtained from Fig. l(a, inset) was calculated to be 1.3mM. From the values of aKUDP-Slucurnlc acid and KUDP-glucuronic acid, the factor as was calculated to be 2.8. Since the factor a is greater than unity, the result suggests that increasing concentrations of UDP-glucuronic acid decrease the affinity of the enzyme for oestrone (Segel, 1975 The factor a was 0.6, suggesting that increasing concentrations of oestrone increase the affinity of the enzyme toward UDP-glucuronic acid (Segel, 1975 Effect of steroid and non-steroid substrates on the glucuronidation of oestrone. Screening experiments showed that oestradiol-17f and testosterone were glucuronidated to appreciable extents, whereas oestriol was comparatively poorly glucuronidated. Hence it was decided to investigate the influence of these endogenous steroids on the glucuronidation of oestrone in order to gain some knowledge about the specificity of oestrone glucuronyltransferase. In the presence of 40,m-oestradiol-17,B or 40pim-testosterone (Fig. 2a) the initial velocities and the maximum velocities are decreased. The inhibition in both instances is of a mixed type, being predominantly competitive with oestradiol-17fi and non-competitive with testosterone as inhibitor.
Oestriol at two concentrations, 20 and 40pm, had no effect on the glucuronidation of oestrone.
Bilirubin has often been used as a substrate for liver microsomal UDP-glucuronyltransferase (Van Roy & Heirwegh, 1968; Mulder, 1972) . Since it is known that certain steroids can inhibit the glucuronidation of bilirubin in vivo (Arias et al., 1964) , it was decided to find out what effect bilirubin would have on oestrone glucuronyltransferase. Fig. 2(b) shows that 60M-bilirubin inhibited the glucuronidation of oestrone non-competitively, suggesting that these two endogenous substrates are These results suggest that UDP-glucuronyltransferases from rat liver possess a considerable degree of specificity toward steroids as substrates. Although oestradiol-17,B increases the apparent K.,.etron. value about twofold, it is quite possible that the same enzyme glucuronidates oestrone as well as oestradiol17fi at C-3. On the other hand, oestradiol-17,B is also glucuronidated by microsomal preparation at C-17, suggesting the existence of a different enzyme; this enzyme may also accept testosterone as substrate, forming testosterone 17fl-glucuronide as product.
In spite of the existence of two different enzymes, the formation of a diglucuronide, e.g. oestradiol 3,171i-diglucuronide, could not be detected, which could mean that the monoglucuronide, oestradiol 17f8-glucuronide, is not a substrate for the C-3 transferase and that oestradiol-17,B 3-(mono)glucuronide is not a substrate for the C-17 transferase. Direct evidence supporting this hypothesis is, however, lacking.
Localization of oestrone glucuronyltransferase activity in microsomal subfractions. We had earlier shown that the oestriol 16a-glucuronyltransferase from human liver microsomal preparation was localized predominantly in the smooth endoplasmic reticulum (Rao et al., 1970a) . In the present studies rat liver microsomal preparation was fractionated by centrifugation on a discontinuous sucrose gradient containing l5mM-CsCI, by the method described by Dallner et al. (1966) . Oestrone glucuronyltransferase activity was tested in the subfractions with and without treatment with Lubrol WX (Table  2 ). The enzyme activity in the unfractionated microsomal preparation is stimulated 2.5-fold after treatment with Lubrol WX, which confirms the results from previous experiments. The smooth endoplasmic reticulum alone shows slightly higher activity than the total untreated microsomal fraction and its activity is further stimulated 2.1-fold after treatment with Lubrol WX. The rough endoplasmic reticulum possesses minimal activity, which cannot be stimulated further with Lubrol WX. These results clearly show that oestrone glucuronyltransferase activity is localized mainly in the smooth endoplasmic reticulum. Table 2 . Fractionation of a microsomal preparation from liver on a discontinuous sucrose gradient containing 15mM-CsCl and localization of oestrone glucuronyltransferase activity in the microsomal subfractions Sucrose gradients containing CsCl were prepared as described by Dallner et al. (1966) . The microsomal subfractions were treated with 0.1 mg of Lubrol WX/ mg of protein for 30min at 2-40C. Incubation of the subfractions with oestrone and UDP-glucuronic acid were done as described under 'Assay of glucuronyltransferase activities'. 
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Studies with testosterone as substrate Dependence of glucuronyltransferase activity on the concentration of testosterone. From preliminary experiments the rate of testosterone glucuronide formation with microsomal preparation not treated with Lubrol WX was linear up to 60min and up to 120g of microsomal protein. The enzyme exhibits a plateau of maximum activity between pH8.2 and 8.8 in 0.1 M-Tris/HCl buffer. It was observed that the enzyme glucuronidating testosterone required larger amounts of substrate than did the oestrone glucuronyltransferase. Therefore the dependence of transferase activity was studied by incubating 100-7004uM-testosterone with microsomal preparation untreated and treated with Lubrol WX (Fig. 3) . The rate of glucuronidation reaches a plateau at about 300pM in both instances. Lineweaver-Burk (1934) Effect ofadministration ofphenobarbital on oestrone glucuronyltransferase. Administration of phenobarbital is known to induce microsomal enzyme activity catalysing oxidation, reduction and glucuronidation reactions (Conney, 1967) . The effect of phenobarbital on the activity of rat liver microsomal transferase with oestrone as substrate was studied (a) by a single intravenous injection (short-term study) and (b) by daily intraperitoneal injections of the drug (long-term study). In the short-term study the animals were killed 1, 3, 6, 9 and 24h after injection. Administration of a dose of 50mg of phenobarbital/kg body wt. affected neither the liver wet weight nor the specific activity of oestrone glucuronyltransferase over a period of24h. Therefore experiments were carried out with 100mg of phenobarbital/kg body wt. The liver wet weight did not change, whereas the specific activity of the transferase increased to 110% of the control value after 24h (P<0.01). Since it appeared that enzyme activity could be stimulated with the high dose (100mg) of phenobarbital, the influence of long-term administration of the drug was investigated. The liver wet weight increased to a maximum of 147 % of control (P<0.05) on day 5 and remained the same up to day 10. The specific activity of the enzyme remained about the control value up to 8 days. Vol. 162
On day 10 of treatment it increased slightly. These results indicate that prolonged treatment of female rats with phenobarbital does not lead to significant stimulation of oestrone glucuronyltransferase activity. Similar results were also obtained by Jacobson etal (1975) with oestrone as substrate andmicrosomal preparation from liver of rats given phenobarbital orally.
Effect of administration of 3-methylcholanthrene on oestrone glucuronyltransferase. Unlike phenobarbital, 3-methylcholanthrene, a polycyclic aromatic hydrocarbon, induces a limited number of microsomal enzymes (Conney, 1967) and has been used to stimulate glucuronyltransferases with xenobiotics (Bock et al., 1973; Howland & Burkhalter, 1971) , bilirubin (Potrepka & Spratt, 1971 ) and with thyroxine (Goldstein & Taurog, 1968) as substrates. The effect of 3-methylcholanthrene on steroid (oestrone) glucuronyltransferase, however, is not known and was therefore investigated. After administration of 3-methylcholanthrene intraperitoneally, the liver wet weight increased up to 125% of the control value on day 3 and remained constant until day 9. The specific activity of oestrone glucuronyltransferase increased to 135% of the control value (P<0.05) on day 4 of treatment, then varied between 110 and 135% over the rest of the investigation period. This variation could be due to resorption of the carcinogen, as the livers of several animals were covered with a coat of unabsorbed carcinogen. These results indicate that 3-methylcholanthrene leads to a moderate increase in liver weight and specific activity of oestrone glucuronyltransferase.
Effect of ovariectomy and treatment of ovariectomized animals with oestradiol-17f8. Induction of microsomal glucuronyltransferases by endogenous compounds should reflect to some extent the control mechanisms to which the enzyme is subjected depending on the concentration of circulating substrates in the blood. For example, does the activity of a particular enzyme increase when the substrate of this enzyme is increased by administration of the substrate to the animal, in the present case, the administration of oestradiol-17,B on the activity of oestrogen glucuronyltransferase? And secondly, which effect does withdrawal of oestrogens, e.g. by ovariectomy, have on the enzyme activity in the liver?
The following experiments were carried out to obtain answers to these questions.
Sexually mature female rats were ovariectomized as described in the Experimental section and used for experiments 17-19 days after operation. Fig. 4 clearly indicates that the specific activity of oestrone glucuronyltransferase is decreased from a normal (non-operated animals) value of 1.6 to 0.91 (P<0.05) 19 days after ovariectomy. If the animals were used 30 days after ovariectomy the microsomal prepara- Fig. 4 ). (Fig. 4) ; the specific activity continued to rise over the next 6 days and reached a value of 2.3 on day 15. This is a 2.6-fold increase over the value for ovariectomized non-treated animals (P<0.01). The activity appeared to change very little when treatment with oestradiol-17/8 was continued for another 15 days. Non-ovariectomized animals did not react to oestradiol-17f8 treatment. The results indicate that ovariectomy leads to a decrease in enzyme activity which can be reversed and even considerably increased by supplementing with oestradiol-17/i. Thus it is likely that one factor that governs the activity of oestrone glucuronyltransferase is the amount of circulating oestrogen. were treated with oestradiol-17,B and actinomycin D together, the increase in activity observed by oestradiol-17fi alone was blocked to a large extent by actinomycin D. Simultaneous injection of cycloheximide and oestradiol-17f, also decreased the oestradiol-17fi-induced increase in activity. ActinomycinDaloneelevatedenzymeactivity7O%(P<0.05) over the control value; with cycloheximide alone the activity was 18% over the control value (P>0.05). These results suggest that the increase in oestrone glucuronyltransferase activity observed after administration of oestradiol-17fl for 15 days can be blocked to a large extent by RNA-and protein-synthesis inhibitors, indicating that oestradiol-17fl probably increases the synthesis of new enzyme. The synthesis occurs after a lag period of 6 days (Fig. 4) . The studies also show an apparent induction of oestrone glucuronyltransferase by its substrate oestradiol-17,B. The mechanism of induction, however, is unclear. The 1.7-fold increase in enzyme activity observed after administration of actinomycin D alone to ovariectomized rats is difficult to explain in view of its complicated effects.
Effects of administration of oestradiol-17/? to ovariectomized rats on testosterone glucuronyltransferase. From the inhibition studies (see Fig. 2 ) it was likely that the enzymes glucuronidating oestrone and testosterone are not the same. In the present experiment the effect of administering oestradiol-17,B to ovariectomized female rats and its influence on testosterone-glucuronidating activity was investigated, to find out whether testosterone glucuronyltransferase could be stimulated by oestradiol-17f8. Ovariectomized rats were injected intramuscularly daily with oestradiol-17fi, and testosterone glucuronyltransferase activity measured after 3, 6 and 15 days was 6.81±0.11(3), 5.16±0.26(3) and 7.5±0.9(2) respectively. The specific activity of the enzyme from control animals was 6.3 ±0.14(3). These results indicate that testosterone glucuronyltransferase is not stimulated in female rats by prolonged treatment of animals with oestradiol-17fl, whereas the oestrogen stimulates oestrone glucuronyltransferase 2.6-fold after prolonged treatment. This is additional evidence pointing to the existence of two separate enzymes, one glucuronidating oestrone, which is inducible by the administration of oestradiol-17f8, and the other glucuronidating testosterone, which is not affected when the animals were treated in the same way.
Effect of castration and administration of testosterone on testosterone glucuronyltransferase. As it was observed that ovariectomy decreased oestrone glucuronyltransferase activity, it was decided to investigate the influence of castration on microsomal testosterone glucuronyltransferase activity. The specific activity of the enzyme of liver microsomal preparations from normal male rats was 8.65+ 0.65(13). This activity is slightly higher than that of liver microsomal fractions from normal female rats [6.13±0.24(10); Rao et al., 1976] . The animals were castrated and enzyme activity was measured 19 days after operation; the value was 8.6±1.7(3). After administration of testosterone the specific activity of the transferase determined 3, 6, 15, 20 and 30 days after treatment was 8.62±0.88(n = 3), 8.85±0.3(3), 9.88±0.6(3), 9.5±0.18(3) and 8.2±0.25(2). The control value was 9.81 ± 1.2(3). The differences in the values when compared with the value from control animals were not significant (P>0.05). Thus castration has no effect on the enzyme glucuronidating testosterone, nor does supplementing these animals daily with large doses of testosterone lead to an increase in enzyme activity. Therefore the activity of testosterone glucuronyltransferase is not controlled by its own substrate, which distinguishes it as an entity from oestrone glucuronyltransferase, which is sensitive to ovariectomy and to supplementation of oestrogen. Thus the present results support the existence of multiple steroid glucuronyltransferases in the liver of the rat.
